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Patients are traditionally evaluated in the supine position
in the electrophysiology laboratory, although symptoms
due to a cardiac rhythm disturbance are often maximal
clinicallyduring standing. The assumption of the upright
position results in dependent displacement of blood, fol-
lowed by prompt vasoconstriction to maintain arterial
pressure. This normal response may aggravate tachyar-
rhythmias by increasing catecholamine levels or may
precipitate vasodepressor syncope if the vasoconstrictor
response is absent.
The use of a tilt table during electrophysiologictesting
was evaluated over a 12 month period in 104 patients
having a mean age of 60 years (range 37 to 81): 59 with
supraventricular tachycardia, 6 with vasovagal syncope
and 39 with carotid sinus hypersensitivity. Twenty-three
patients (22%) had significant abnormalities when up-
right that were not present when supine: eight patients
The cardiovascular response to standing may aggravate dis-
turbances in cardiac rhythm by reflex alterations in heart
rate and blood pressure. The physiologic effects of assuming
the upright posture have been well described (1-4). With
upright tilting, the central blood volume is diminished and
the cardiac output is reduced by 20 to 30%. There is in-
creased venous volume in the dependent limbs, a prompt
vasoconstriction and reduction in peripheral blood flow by
the resistance vessels and an increase in heart rate to main-
tain arterial pressure near the supine levels. If the compen-
satory vasoconstriction is delayed or insufficient, arterial
pressure will decrease and a person may experience light-
headedness or syncope.
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with supraventricular tachycardia who had their clinical
syndromes of palpitation and syncope reproduced when
upright, but only minimal symptoms when supine; two
patients with supraventricular tachycardia who had sus-
tained atrioventricular reentry when upright, but only
two to eight beats of tachycardia when supine; six pa-
tients with syncope and a normal cardiac evaluation be-
fore electrophysiologic testing who had their typical spells
only after being placed upright during a vasovagal event
and seven patients with carotid sinus hypersensitivity
who had their clinical syndromes reproduced with ca-
rotid sinus massage only when upright, developing hy-
potension despite maintaining their heart rate with sinus
rhythm or pacing (vasodepressor response). In 22% of
patients, electrophysiologic testing in the upright posi-
tion provided clinically important information that was
not evident during standard testing in the supine position.
Electrophysiologic testing is usually performed with the
patient in the supine position. The assumption of the upright
position by use of a tilt table during electrophysiologic test-
ing can significantly affect disturbances in cardiac rhythm
(5,6). Patients with tachyarrhythmias may develop an en-
hanced heart rate and atrioventricular (AV) conduction in
response to the increase in sympathetic stimulation and para-
sympathetic withdrawal (5), while patients with vasode-
pressor syncope may have their clinical syndromes repro-
duced by passive tilting (7-10), Being placed in the upright
position using the tilt table is similar to the physiologic
maneuver of standing, except that muscular contraction is
not required to maintain the upright posture, resulting in
less venous return from the lower limbs (4).
Because of the potential usefulness of the tilt table as a
physiologic stress during routine electrophysiologic testing,
we evaluated the use of a tilt table in all patients with
supraventricular tachycardia. carotid sinus hypersensitivity
and syncope. We describe our experience with the use of
the tilt table in 104 patients seen during a 12 month period.
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Methods
Study group. Patients were studied from February I,
1982 through January 31, 1983. During that time, 251 con-
secutive patients were evaluated. Patients with hemody-
namically unstable ventricular tachycardia, primary disease
of the conduction system or normal studies were excluded .
A total of 104 patients were studied with the tilt table. In
the 104 patients, the following rhythm disturbances were
identified during electrophysiologic testing: supraventricular
tachycardia (59 patients), carotid sinus hypersensitivity (39
patients) and vasovagal syncope (6 patients). The mean age
of the 104 patients (46 women and 58 men) was 60 years
(range 37 to 81).
Electrophysiologic evaluation. When brought to the
electrophysiology laboratory, the patient was in a nonse-
dated postabsorptive state. Each was lightly sedated with
diazepam, and three electrode catheters were placed per-
cutaneously. One catheter was advanced to the right atrium,
the second to the region of the His bundle and the third to
the right ventricular apex. In selected patients, a fourth
electrode catheter was advanced to the coronary sinus.
Incremental atrial pacing was performed with rates rang-
ing from just faster than sinus rhythm up to 200 beats/min.
At each rate , the patient was paced for 30 seconds, after
which pacing was terminated. Pacing was decreased in 50
ms decrements until a cycle length of 400 ms was reached;
thereafter, pacing was decreased in 20 ms decrements. After
atrial pacing, premature atrial beats were introduced, scan-
ning diastole being decreased by 20 ms to atrial refracto-
riness during sinus rhythm and during atrial pacing of 100
beats/min.
Right carotid sinus massage followed by left carotid sinus
massage was performed for 5 seconds unless clinical ex-
amination was suggestive of carotid artery or cerebrovas-
cular disease . Carotid sinus massage was performed with
the patient in the supine and upright positions, and heart
rate and blood pressure were monitored .
Ventricular pacing was then performed from the right
ventricular apex and right ventricular outflow tract using
incremental ventricular pacing (five beats) to 2:1 ventricular
capture or a cycle length of 200 ms. Diastole was scanned
with single ventricular stimuli until ventricular refractoriness
occurred. This ventricular stimulus was then fixed at 40 ms
beyond refractoriness . Diastole was again scanned by a sec-
ond ventricular stimulus until refractoriness occurred. The
ventricular extrastimuli were introduced during sinus rhythm
and ventricular pacing at 100 and 150 beats/min. Blood
pressure was monitored with a cuff. and the measurements
reported with symptoms represent the maximal change
observed.
Postural evaluation. Each patient was evaluated in the
supine and upright positions at a tilt angle of approximately
60° using a standard tilt table. The patient was placed in
the upright position during carotid sinus massage and during
any induced or spontaneous supraventricular arrhyth mia. In
addition, if the patient experienced spontaneous symptoms
suggestive of a vasovagal event during the electrophysio-
logic study , he or she was placed in the upright position .
Carotid sinus hypersensitivity. Patients demonstrating
a vasodepressor response to carotid sinus massage were
evaluated with temporary pacing in the upright position to
determine if the decrease in blood pressure with carotid sinus
massage could be eliminated by pacing. thereby distinguish-
ing between the cardioinhibitory and vasodepressor com-
ponents of carotid sinus hypersensitivity.
An abnormal cardioinhibitory response to carotid sinus
massage was defined as an RR interval of greater than 3
seconds (11). An abnormal vasodepressor response to ca-
rotid sinus massage was defined as a decrease in blood
pressure greater than 30 mm Hg at a time when the heart
rate was maintained in a normal range, either by sinus rhythm
or by pacing . Pacing was performed using AV sequential
or ventricular pacing , making certain that pacing did not
induce hypotension.
Finally . patients were evaluated in the supine and upright
positions after atropine (2.4 mg) or an antiarrhythmic drug
was given intravenously, as dictated by the study .
Statistical analysis. Data were analyzed using Student's
t test for paired observations. Values are expressed as mean
values ± standard deviation .
Results
The tilt table was helpful in 23 of the 104 cases. Control
heart rate and blood pressure did not change significantly
when patients changed from the supine to the upright position.
Supraventricular tachycardia. Ten (17%) of the 59
patients with supraventricular tachycardia had few symp-
toms other than palpitation while in the supine position
(Table 1). In the upright position . all patients but one (Case
7) experienced light-headedness, near syncope or syncope
within I to 2 minutes. Their clinical syndromes were re-
produced and associated with a significant (p = 0.01) in-
crease in the rate of supraventricular tachycardia (160 ±
37 beats/min in the supine position to 193 ± 29 beats/min
in the upright position) and with a significant (p = 0.001)
decrease in blood pressure during supraventricular tachy-
cardia (120 ± 12 mm Hg in the supine position to 77 ±
18 mm Hg in the upright position). The supine and upright
blood pressures during sinus rhythm were not significantly
different (130 ± 18 and 125 ± 12 mm Hg, respectively) .
and the supine blood pressure during sinus rhythm was not
different from that during supraventricular tachycardia.
Two patients (Cases 4 and 7) experienced sustained par-
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Findings During Electrophysiologic Study
5 48M WPW, paroxysmal light-
headedness
6 79F Syncope, wide QRS tachycardia
on 24 hour monitoring
7 58M WPW. palpitation
Case
2
3
4
8
9
10
Age (yr)
&Sex
81M
75F
72F
37F
39F
70F
49F
Clinical Presentation
Syncope, nonsustained paroxysmal
atrial fibrillation and PVCs on
24 hour monitoring
Syncope, normal cardiovascular
evaluation, history of
palpitation
Syncope, four beats of wide QRS
tachycardia on 24 hour
monitoring
WPW, PSVT, near syncope
Syncope, palpitation
Syncope, nonsustained wide QRS
tachycardia on 24 hour
monitoring
Near syncope, palpitation
Supine
Atrial fibrillation: HR 170,
BP 130 (BP 140 in
NSR), no symptoms
Atrial flutter: HR 140, BP
110 (BP 170 in NSR),
no symptoms
Sinus node reentry: HR 85
(2:1 AV block), BP 110
(BP 115 in NSR), no
symptoms
AV reentry (nonsustained,
8 beats): HR 160, BP
120 (BP 130 in NSR),
palpitation
AVreentry: HR 194, BP
130 (BP 130 in NSR),
palpitation
AV reentry: HR 200, BP
100 (BP 110 in NSR),
palpitation
AV reentry (nonsustained,
2 to 6 beats): HR 160,
BP 120 (BP 120 in
NSR). no symptoms
Atrial reentry: HR 200.
BP 120 (BP 120 in
NSR), palpitation
Atrial flutter: HR 150 (2:1
AV block), BP 140 (BP
150 in NSR). no
symptoms
Atrial flutter: HR 150, BP
120 (BP 120 in NSR).
palpitation
Upright
Atrial fibrillation: HR 200,
BP 65 (BP 135 in
NSR), near syncope
Atrial flutter: HR 150, BP
60 (BP 140 in NSR),
near syncope
Sinus node reentry: HR
188 (1:1 AV
conduction), BP 75 (BP
115 in NSR), near
syncope
AV reentry (sustained):
HR 175, BP 55 (BP
130 in NSR), syncope
AV reentry: HR 230, BP
90 (BP 125 in NSR),
light-headedness
AV reentry: HR 200, BP
60 (BP 100 in NSR),
near syncope
AV reentry (sustained):
HR 190, BP 110 (BP
120 in NSR). clinical
palpitation
Atrial reentry: HR 240.
BP 75 (BP 120 in
NSR), near syncope
Atrial flutter: HR 155 (2: I
AV block), BP 90 (BP
140 in NSR), near
syncope
Atrial flutter: HR 210, BP
90 (BP 120 in NSR),
palpitation. near
syncope
--_._---------------------------------------
AV = atrioventricular; BP = blood pressure (mm Hg); F = female; HR = heart rate (beats/min); M = male; NSR = normal sinus rhythm; PSVT
= paroxysmal supraventricular tachycardia; PVC = premature ventricular complex; WPW = Wolff-Parkinson-White syndrome.
oxysmal supraventricular tachycardia due to atrioventricular
(AV) reentry on assuming the upright position, but had only
nonsustained paroxysmal supraventricular tachycardia (two
to eight beats) in the supine position. Patient 3 presented
with a history of syncope and four beats of a wide QRS
tachycardia during 24 hour monitoring. The electrophysi-
ologic study demonstrated paroxysmal supraventricular
tachycardia due to reentry in the sinus node that could be
initiated and terminated by critically timed atrial premature
complexes (Fig. I). In the supine position, the patient had
a tachycardia rate of 170 beats/min with 3:2 and 2: I AV
block and a systolic blood pressure of 110 mm Hg with no
associated symptoms. On being placed in the upright po-
sition, the patient had an increase in heart rate to 188beats/min,
an increase in AV conduction to a I: I ratio and a decrease
in systolic blood pressure to 75 mm Hg; she also experienced
symptoms, including near syncope, that were compatible
with her clinical syndrome.
Vasovagal syncope. Six patients (Table 2) experienced
diaphoresis and anxiety in the supine position, with a sig-
nificant (p = 0.01) decrease in heart rate (72 ± 10 beats/min
when free of symptoms with a decrease to 48 ± 14 beats/min
during symptoms in the supine position). During symptoms,
their supine blood pressures decreased from the mean value
before symptoms developed (from 123 ± 13 to 106 ± 14
mm Hg, p = 0.02). On assuming the upright position during
symptoms, the patients had no significant decrease in heart
rate (mean 42 ± 20 beats/min); however, blood pressure
decreased dramatically (mean 48 ± 8 mm Hg) from the
supine value during symptoms (p = 0.001) and from the
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Figure 1. A (above), Critically timed atrial premature complex (APC) terminates paroxysmal supraven-
tricular tachycardia due to sinus node reentry . B (at r ight), With the patient in the supine position , the
tachycardia cycle length is 350 ms (170 beats/min) with 3:2 AV conduction and a blood pressure of 110
mm Hg. C (at right), With the patient erect, the tachycardia cycle length (CL) is decreased to 320 ms
(188 beats/min), AV conduction is increased \0 1:I and blood pressure is decreased to 75 mm Hg. The
patient experienced her clinical syndrome including near syncope . HRA, H.. Hz and V = high right atrial ,
His and right ventricu lar recording electrodes , respectively; a, h and v = atrial, His and ventricular
depolarizations, respectivel y.
Table 2. Patients With Spontaneous (Vasovaga l) Syncope
Findings During Vasovagal Episode
Age (yr)
Case &Sex Clinical Presentation
II 59M Syncope , PVCs on 24 hour
monitoring
12 38M Syncope , said to have
cardiac arrest elsewhere,
no rhythm recorded
13 38M Syncope , ventricular
demand pacemaker
elsewhere
14 51F Syncope, AV pacemaker
elsewhere
15 69M Syncope . normal cardiac
evaluation
16 12M Syncope, carotid sinus
hypersensit ivity
Abbreviatio ns as in Table I .
Supine
HR 50, BP 100 (BP 120 control) ,
nausea
HR 40, BP 120 (BP 135 control) ,
no symptoms
HR 50, BP 125 (BP 130 control),
nausea, anxiety
HR 72, BP 90 (BP 120 control),
light-headedness
HR 30, BP 100 (BP 130 control ),
anxiety
HR 45, BP 100 (BP 100 control).
diaphoresis
Upright
HR 30, BP 40 (BP 100 control) ,
syncope, clinical syndrome
reproduced
HR 30, BP 50 (BP 130 control),
syncope, clinical syndrome
reproduced
HR 50, BP 60 (BP 130 control),
syncope , clinica l syndrome
reproduced
HR 78, BP 50 (BP 120 control).
syncope, clinical syndrome
reproduced
HR 25, BP 40 (BP 110 control ),
syncope, clinical syndrome
reproduced
HR 40 , BP 50 (BP 95 control),
syncope, clinical syndrome
reproduced
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upright value before symptoms (p = 0.001). All patients
experienced syncope in the upright position that was re-
solved on assuming the supine position . This symptom com-
plex reproduced the same symptom complex experienced
clinically by all six patients.
Two patients (Cases 13 and 14) continued to experience
syncope after receiving a permanent ventricular demand
pacing system implanted at another institution . The spon-
taneous occurrence of syncope in the upright position during
the electrophysiologic study reproduced the patients' clinical
syndrome and was the result of a vasodepressor mechanism ,
as evidenced by a decrease in blood pressure , despite main-
tenance of the heart rate with the permanent pacemaker.
Neither of these patients demonstrated ventriculoatrial con-
duction or a decrease in blood pressure with ventricul ar
pacing.
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Carotid sinus hypersensitivity. Seven (18%) of pa-
tients with carotid sinus hypersensitivity experienced few
symptoms in the supine position during carotid sinus mas-
sage (blood pressure 128 ± 27 mm Hg during sinus rhythm
and 116 ± 21 mm Hg during carotid sinus massage, p =
0.07) (Table 3). In the upright position, all seven patients
experienced near syncope or syncope compatible with their
clinical syndromes, associated with a decrease in systolic
bloodpressure (from 117 ± 16mm Hg during sinus rhythm
to 69 :±; 13 mm Hg during carotid sinus massage, p =
0.001), althoughheart rate was maintained ina normalrange
by sinus rhythm or pacing. This represents vasodepressor
carotid sinus hypersensitivity that was not observed when
the patient was in the supine position.
Discussion
Electrophysiologic study allows the induction of cardiac
rhythm abnormalities in patients whose presumed rhythm
disturbance may be paroxysmal and insufficiently frequent
to be documented by a standard electrocardiogram or 24
hour ambulatory monitoring. However, because the elec-
trophysiologic study is usually performed with the patient
in the supine position, the typical clinical syndrome may
not be reproduced during an induced arrhythmia. The phy-
sician must then assume that the induced arrhythmia is the
cause of the patient's symptoms. The use of the tilt table
to place the patient in the upright position closely simulates
a common physiologic stress placed on the cardiovascular
system during a spontaneous clinical rhythm disturbance
and is more likely to reproduce the patient's typical clinical
syndrome. Of the 104 patients evaluated in this study, 23
(22%) experiencedtheir typical clinical syndrome only after
being placed in the upright position, thus allowing corre-
lation between the symptoms and the rhythm disturbance.
Supraventricular tachycardia. The cardiovascular re-
sponse to being placed in the upright position was similar,
with all patients developing hypotension shortly after up-
right posturing. Eight patients with supraventricular tachy-
cardia demonstrated more rapid rates of the tachycardia or
Table 3. Patients With Vasodepressor Carotid Sinus Hypersensitivity
Findings Associated With Carotid Sinus Massage
Case
17
18
19
20
21
22
23
Age (yr)
&Sex
70M
67F
68M
4lM
79F
48M
65M
Clinical Presentation
Syncope, ventricular
tachycardia
Syncope. normal
cardiac evaluation
Syncope. normal
cardiac evaluation
Syncope. ventricular
demand pacemaker
placed elsewhere
Syncope. normal
cardiac evaluation
Syncope. normal
cardiac evaluation
Syncope, PVCs
Supine
BP control 110. sinus pause with CSM
6.0 seconds; BP after CSM 105, no
symptoms
BP control 150. sinus pause with CSM
2.0 seconds; BP after CSM 150. no
symptoms
BP control 11 2. sinus pause with CSM
1.6 seconds; BP after CSM 100. no
symptoms
BP control 115. sinus pause with CSM
3.6 seconds:" BP after CSM 100.
no symptoms
BP control 11 0. sinus pause with CSM
7.0 seconds; BP after CSM 100. no
symptoms
BP control 120. sinus pause with CSM
4.5 seconds; BP after CSM 120, no
symptoms
BP control 180, sinus pause with CSM
9.0 seconds; BP after CSM 140, no
symptoms
Upright
BP control 11 0, sinus pause with CSM
5.5 seconds; BP after CSM 70 . near
syncope; BP with pacing 11 0; BP
with pacing after CSM 75. near
syncope
BP control 130. sinus pause with CSM
1.8 seconds; BP after CSM 60 (HR
70). near syncope
BP control 110. sinus pause with CSM
1.6 seconds; BP after CSM 60 (HR
65). syncope
BP control IDS. sinus pause with CSM
4.0 seconds; BP after CSM 70, near
syncope; BP with pacing 105; BP
with pacing after CSM 70 , near
syncope
BP control 100. sinus pause with CSM
7.6 seconds; BP after CSM 70. near
syncope; BP with pacing 95; BP
with pacing after CSM 75. near
syncope
BP control 122. sinus pause with CSM
5.0 seconds; BP after CSM 50 (HR
55). syncope
BP control 145. sinus pause with CSM
8.2 seconds; BP after CSM 90. near
syncope; BP with pacing 140; BP
with pacing after CSM 90. near
syncope
*Permanent pacemaker inhibited. CSM = carotid sinus massage; other abbreviations as in Table I.
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more rapid conduction through the atrioventricular (AV)
node, presumably because of an increase in sympathetic
stimulation and of parasympathetic withdrawal (5), while
in two patients, nonsustained tachycardia became sustained.
The increased rate of the tachycardia was not sufficient to
maintain blood pressure, and nine of the patients experi-
enced their clinical syndrome with hypotension and near
syncope or syncope. Patients with rapid supraventricular
tachycardia have a shortened ventricular diastolic filling time
and achange in normal atrial and ventricular synchrony that
can decrease cardiac output (12,13); however, reflex pe-
ripheral vascular mechanisms are usually sufficient to pre-
vent syncope. The present study revealed no relation be-
tween the hypotensive response to upright posturing and the
tachycardia rate while the patient was supine or upright.
Vasovagal syncope. The six patients with vasovagal
syncope were studied because each had a history of repeated
episodes of profound syncope. All six developed their typ-
ical svncopal syndrome only after being placed in the upright
position. Patients with vasovagal syncope have previously
been demonstrated (7-10) to decrease their heart rate, car-
diac output and peripheral resistance, resulting in hypoten-
sion .md near syncope or syncope in response to assuming
the upright position. All six patients immediately returned
to consciousness after being returned to the supine position.
Carotid sinus hypersensitivity. The evaluation of pa-
tients with carotid sinus hypersensitivity was significantly
improved by use of the tilt table. These patients have car-
dioinhibitory and vasodepressor responses to carotid sinus
massage, with about 10% of them having pure vasodepres-
sor responses (11,14). Because an abnormal response to
carotid sinus massage is present in 60% of persons more
than 60 years old and usually is not associated with symp-
toms. the physician should demonstrate that the patient's
syncope is associated with carotid sinus hypersensitivity and
not with another neurologic or cardiac abnormality (15). In
this study, the patients with vasodepressor carotid sinus
hypersensitivity continued to demonstrate hypotension with
syncope despite maintenance of a normal heart rate and AV
synchrony by temporary pacing or sinus rhythm. Such pa-
tients have vasodepressor syncope, either alone or with car-
dioinhibitory syncope, and require therapy aimed at pre-
venting the decrease in blood pressure that is associated
with their carotid sinus hypersensitivity. Pacemaker im-
plantation alone would not be expected to relieve the symp-
tom, of vasodepressor syncope.
This 12 month experience with the use of the tilt table
in 104 patients undergoing electrophysiologic testing pro-
vided useful information in 22% of patients by creating a
physiologic stress that accentuated both tachyarrhythmia and
bradyarrhythmia and allowed the physician to correlate an
induced rhythm with the clmical symptoms.
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